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A method of and apparatus for processing seismic data 

The present invention relates to a method of processing multi-coiTiponent seismic data. 
It particularly relates to a method of processing seismic data to determine a calibration 
filter Uiat calibrates unc component of the seismic data relative to another component of 
the seismic data. The invention furUicr relates to an apparatus for processing seismic 
data. 

Figure 1 is a schematic view of a seismic surveying arraDgemcnt. In this figure the 
surveying airangement is a marine surveying airangcment in which seismic energy is 
emitted by a seismic source 1 that is suspended within a water column 2 from a towing 
vessel 3* When the seismic source 1 is actuated seismic energy is emitted downwards 
and is detected by an arrty of seismic receiver? 4 disposed on the seafloor 5» (As used 
herein the icrm "seabed*' denotes the earth's interior, and Uic term '^aeafloor'^ denotes 
the surface of the seabed.) 

Many seismic surveys now use niulti-compODcnt receivers that record two or more 
components of the seismic energy incident on the receiver. For example a 3-cort\ponent 
(3-C) seismic receiver contains ilvee orthogonal gcophones and so can record the x-, y- 
and z-componenls of the particle motion al the receiver (the particle motion may be the 
particle displaeement, particle vclueiiy or particle acceleration or even, in principle, a 
higher derivative of the panieic displacement)^ In a marine seismic survey a 4- 
componenl (4.C) seismic receiver vaji alternatively be used, A 4-C receiver contains a 
pressure sensor such as a hytlrophone in addition to three orthogonal geophoncs and so 
can record the pressure of the water column (which is a scalar quantity) in addition to 
the x% y- and z-components of the particle motion. 

Many different paths exist by which seismic energy may travel from the source 1 to a 
leceiver 4 in the seismic surveying arrangement of Figure 1 . A number ofpaths are 
indicated schematically in Figure 1. 
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The path 6 shown in Figure 1 is known as the "direct path". Seismic energy that travels 
along the dirwl pMh 6 travels from the source 1 to a receiver 4 essentially in a straight 
line without undergoing reflection at any interface. 

Path 7 in Figure 1 is an example of a 'Vater laycrmultiple path". Seismic energy that 
follows a water layer multiple path propagates wholly within the water column 2, but 
undergoes one or more reHections at the surface of the water column and/or the suanoor 
5 so that the seismic energy passes through the water column more than once. The 
water layer multiple path 7 shown in Figure 1 involves one reflection at the scafloor 5 
and one reflection at the surface of the water column, but many other water layer 
multiple paths exist. 

The path 8 in Figure 1 is an example of a "critical refraction path*\ Seismic energy that 
follows the path 8 propagates downwards to the seafloor 5, and pcnctmes into the 
eajth*s interior 10 (ie into the seabed), The seismic energy continues propagating 
downwardly, until it reaches a boundary 1 1 between two layers of the caitb that have 
different acoustic impedance. The sdmic energy undergoes critical refraction, 
propagates along the houndaiy 1 1 , before eventually being refracted upwards towards 
the receiver 4. Critical refraction may also occur at the water-seabed interface, and 
downwardly piopagating seismic energy that is refracted in this way will propagate 
along the water-scabcd interface and will then propagate upwardly into the water 
column. 

The path 9 sliown in Figure 1 is known as a "primary reflection path'*. Seismic energy 
that follows the primary reflection path 9 propagates downwards tlirougli the water 
(;olunui, is refracted at the scafloor 5, and propagates downwardly through the earth's 
interior. The seismic energy is refracted at the boundary 1 1, but not critically 
refracted and so continues lo propagate downwardly into the earth. It eventually 
undergoes reflection at a gcoltigical structure 12 that acts as a partial reflector of seismic 
energy, and ihc reflected seismic energy is, allcr further refraction as it passes upwardly 
through the boundary 1 1 , incident on (he receiver 4. The general intent of a seismic 
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suivey is to make use of the seismic energy ihut follows the primary reflection path in 
order to obtain information about (he inlcrior structure of the earth. 

Seismic energy acquired at a receiver may contain upwardly and/or downwardly 
propagating seismic energy depending on the location of the receiver and on the event. 
For example seismic energy that travels alone t'^c critical refraction path 8 5;hown in 
Figure 1 will, when it is mcident (traveJiing upwardly) on the water-seabed interface, be 
partly transmined into the water column and partially reflected back into the seabed 10. 
Thus, a critical refraction event will consist purely of upwardly propagating seismic 
energy above the seafloor 5, but will contain both upwardly and downwardly 
propagating seismic energy below the seafloor 5, As another example, seismic energy 
that travels along the direct path 6 shown in Figure 1 will, when incident on the water- 
seabed interface S, he partially transmitted into (he seabed and partially reHecied back 
into the water column. Hence, the direct event will contain both upwardly and 
downwardly propagating seismic energy above tlie seafloor, but will contain only 
downwardly propagating seismic energy below the seafloor. It is therefore often of 
interest to decompose the seismic data acquired at the receiver 4 into an up-going 
constituent and a down-going constirucnt, ahove or below the seafloor S. For example, 
in a 4-C seismic survey it may be of interest to decompose the pTe:R$urc and the vertical 
particle velocity recorded at the receiver into their up*going and down-going 
constituents al>ove the seafloor. Various filters that enable decomposition of seismic 
data into up-going and down-going constituents have been proposed. One example can 
be found in K.M. Schallcwijk et al, ''Application of Two*Step Decomposition to Multi- 
Component Ocean-Bottom Data: Theory and Case Study", J. Seism. Expl. Vol. 8 
pp26 1-278 (1999), and stales that the down-going and up-going constituents of the 
pressure just ai>ove the seafloor may be cxprc:^ed as follows: 




(I) 
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where P is the pressure acquired at the receiver, F i& Ihc up-fioina consiitucnl of ihe 
pressure above ihc scafloor, is the down-going constituent of the pressure above the 
scafloor,/is the frequency, k is tlie horizontal wavenombcr, Z is the vertical particle 
velocity component acquired at the receiver,/; is the density of the water, and q is the 
vertical slowness in the water layer. 

As can be seen, the expressions in equation (1) require two of Ihc components of 
seismic data recorded at the receiver to be combined. The.se filters are an example 
where it is necessary to combine two components of the acquired seismic data. It may 
also he necessary to combine two or more components of the acquired seismic data in 
order to decompose the acquired seismic data into p-wavc and s-wave (pressure-wave 
Hnd shear-wave) components, or to remove water level multiple events from the scit^mic . 
data. 

One problem in combining different components of the seismic data acquired at a 
receiver is that the different components of the seismic data may not be correctly 
calibrated against one another. This is particularly tlie case where the two components 
that are being combined are, as in equation (1), the pressure and the vertical particle 
velocity. There are usually diflerences in coupling or impulse response between the 
hydrophone used to acquire the pressure and the geophonc used to acquire the vertical 
particle velocity. It is necessary to calibrate the data for these differences before the 
pressure and vertical particle velocity can be combined. This may be done by 
developing a calibration filter that compensates for the differences in coupling and 
impulse response between tlie hydrophone and the vertical geophone. 

Schalkwijk ct al. and others, have suggested that the calibration problem can be 
addressed by assuming that one component of the seismic data bag been correctly 
recorded, and calibrating the other componctit of the seismic data against the component 
thai is assumed to be correctly recorded. In general, it is assumed that the hydrophone 
is well coupled, so thai the pressure recording is taken to be correct The vertical 
component of the particle velocity is then calibrated against the pressure to compensate 
for coupling and impulse rc8|K>ri$e di (Terences between the hydrophone and the vertical 
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geophonc. Schalkwijk ct »\ ilicrcfAre proposed that equation (1) above sliould be 
modified by applying a calil>ration filter to the vertical particle velocity. They proposed 
Uiat the equation given above for the dowii'going constituent of the pressure above (he 
seafloor should be modified to read as follows: 

P^f.k) « \pif,k)+ B(/)_^Z(/.*:). (2) 

In equation (2) a(f) represents a frevjucjicy-dcpcndeiit calibration filtfir. The remaining 
temis in equalim (2) have the same meaning as in equation (1). 

ITie method proposed by Schalkwijk ci a| for determining the calibration filter a(Q i$ to 
minimise the energy of tlic down-going pressure oonstituent above the seafloor for a 
portion of the seismic data that contains only primary reflections. Seismic energy 
iraveliinfi along a primary reflection path is propagating upwarUly just above Ute 
seailoor at the receiver position, so thai tlie down-going constituent of the pressure just 
above the scaHoor should he 7.ero for data that contains only primary reflections. 
Scliallovijk proposed that the calibration Alter that minhnises the energy of the down- 
going pressure in a window containing only primary rcfleclion events can be found 
using a Ica^i squares method. Once (be calibration filter a0 has been detemruned in this 
way, it is applied to the entire data act for tlie vertical particle velocity. 

Tlie existence of various paths ofKei&niic energy from the sotiree to the receiver means 
that the data acquired at the receiver in a real seismic survey will contain events 
corresponding to more than one possible path. These events will occur at different 
times after the actuation of the .^eii:mic source 1, as different paths uf seismic energy 
have dilfcrent associated travel times. Figure 2 is a schematic illustration of seismic 
data thai might be acquired at the receiver 4, and it shows the amplitude of seismic 
energy recorded at the receiver 4 as a function of the time since the actuation of the 
source 1 . Figure 2 illustrates a direct event 13, eonresponding to the direct path 6, a 
crilical refraction event 14 corresponding to the critical refraction path 8, a primary 
event IS corresponding to the primary reflection path 9, and a water layer multiple 
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event 16 cnTTC$pr>nding to the water layer multiple path 7. (In practice, data acquired al 
a receiver will contain a plurality of primary reflection events from different geological 
structures, a plurality of criiical rcfrjiction events, and a plurality of water level multiple 
events arising liom diflcrcnt water level multiple paths. Only one event of each type is 
shown in Figure 2 for simplicity of explanation.) In order to apply the method of 
Schalkwijk et al to determine the cHlibraition filter, data in a time window that contains 
only tlje primary event 1 5, such as the time window A shown in Figure 2, must be 
selected. 

The prcKcni invention provides a method of processing muhj-component seismic data 
obtained from seismic signals propagating in a medium^ the method comprising the 
steps of; selecting a first portion of the seismic data containing only events arising from 
critical refraction of seismic energy; and dctcnnining a first calibration filter from the 
frrst portion ofthe seismic data, the first calibration filter being to calibrate a first 
component of the seismic data relative to a second component of the seismic data. 

The method proposed by Schalkwijk et al has the disadvantage that the time window 
containing only primary reflection events has to be picked manually. The primary 
reflection events are not the first events acquired at the receiver following actuation of 
the source, and so cannot he picked automatically. A further disadvantage is that in 
Home cases, for example if the seismic source has a long signature^ it may be hard to 
distinguish between the direct arrival and the primary reflection events, so that it may be 
dilTicult to isolate the correct events. The direct event contains downwardly 
propagating seismic energy so that use of a time window that inadvertently included the 
direct event would not give correct results for the calibration flltcr, since the method for 
determining the calibration fiher assumes that the selected data contains only up-going 
energy. A further problem with the method of Schalkwijk et al is that in shallow water 
the waier layer multiple events may arrive at substantially the same time as the primary 
reflection events, and this again makes it diflicult to pick a time window that includes 
only the primaiy reflection events. 
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The present invcnlion muktrs use of ihe fact that the critical refraction events con^^l 
only of up-going seismic cncryy just aix>ve the seafloor. Thu^, selecting a time window 
that conlaim only one or more critical refraction events makes it possible to determine 
the calibration filter aO) by the technique of minimising llie energy of the down-going 
pressure just above the seafloor in thai lime window. 

The method of the invention is particularly advantaj^'cous when applied to long offset 
data. As is shown in Figure 3, as iho offset (that is, the horizontal distance between (he 
source and Ihe receiver) increases, the anival time of tlic lirsl critical refraction event 
increases more slowly than does the arrival lime of the direct event. For offsets greater 
than Oi the first arrival at the receiver is not the direct event, but is the critical refraction 
event. That is, ai long offsets the critical refraction event 14 in Figure 2 (two critical 
refraction events arc shown in Figure 3) will airive before the direct event 13 and will 
be the first arrival at the receiver. When the invention is applied to data liaviiig a source- 
receiver offset sufficiently large for the first event acquired at the receiver to be a 
critical refraction cvcnt^ il is poftsible to use a time window lliai coveis only the first 
event acquired at the receiver - and this makes it possible to use an automatic picking 
method to determine llie lime window. If several critical refraction events arrive at the 
receiver before ilie direct event, as for far offsets in Figure 3 where two critical 
refraction events arrive before the direct event arrives, then all these critical refraction 
events may be included in the time window. 

Figure 4 is a schematic illustration that corresponds to Figure 2, but illustrates the 
arrival times of the events at an offset that is sufficiently large such that the first arrival 
is a critical refraction event. In thiis case, the invention may be applied by selecting llie 
time window B which includes the critical refraction event only, and minimising the 
energy of the down-going pressure above the seafloor in this time window. 

A further advantage of the invention is that the method may be applied (o seismic data 
acquired in shallow waters. Although water layer multiple events in seismic data 
acquired m shallow water may coincide witli primary reflection events, they do not 
coincide with critical refrnction events. Choosing a time window that includes only the 
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critical icfraciion evcni therefore ensures that Ihe time window eaniioi contain water 
layer muliiplc cvcnls. The invciilioii 'M&o uvcrconics the problems thiU arise when a 
seismic source having n long source siga4nturc is U5;ed. 

A preferred cnibodimeni of ihc inveriliori compriscsj Ihe further slcps of selecting 
second portion of the seismic daia coninining only events arising from primary 
refltxlion of seismic energy and dctennining a second calibration filter from the second 
portion of Ihc seismic data, the second calibralion filter being to calibrate Ihe first 
component of the seisniic data relative to the second component of the seismic data. It 
may comprise ihe further step of determining a wavcnumber'^dependent calibration filter 
from the first cah'bration filter and ihc second calibration (iher. 

A fimher problem related to the method proposed by Sehalkwijk ct al is that the corrccl 
calibralion flliei tt(/) may well be dependent on the wavcnumber as well as on the 
frequency. The calibration filter proposed by S.chnlkwjjk, howcvgr, is dejtendciil only 
on frequency and, furthermore^ is derived purely from seismic data at low 
wavcnumbcrs. In an embodiment of the present inviintton, ihu filler obtained from the 
critical refract inn u vents is combined With a filter obtained from primary reflection 
events* and a wavenumber-depcndeni fihcr is obtained from Ihc two individual filters. 
The wavenumber*dependcnt filter may be obtained by, for example, interpolation 
between the filter derived from the critical refraction events nnd the filter derived from 
the primary reflecf ion events. 

A second aspect of the invention provides a method of processing multi-component 
seismic data obtained fmm seismic signals propagating in a medium, the method 
comprising the steps of: scleclMig a first poilion of the seismic data in which the ftrsl 
arrival contains only upwardly propagating seismic energy above the seafloor; and 
determining a first calibralion filter from the first portion of the seismic data, the first 
eutibration filter being to calibrate a Hrvt eoniponcnt of ihe seismic data relative to a 
second component of the seismic darn. 



« ■ 
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The invention may be applied lu (iriy event tliat is the llrsl iiiriviil and lhal contains only 
"Pgoing energy above the seafloor. For example, at far offsets the first arrival may be 
an event which is not a critical refraction event but which nevertheless contains only 
upgoing energy above the scafloor - such iis, for example, a wave that was irappetl in o 
Ihin suh^urf^ice layer of the .seabed - and the invention may be applied 10 such events. 

The invention may further comprise the step of calibrating the first component of tJic 
sicismic data using the first calibration /liter or using the wavenumbcr-depeudenl 
calibration filter. 

A thiid aspect of the present invention provides a method of seismic surveying 
comprising the steps of: actuaiini; a source ofseismic energy; acquiring seismic data at 
a receiver spatiiilly separated fioni the source; and processing the seismic duta by a 
method as defined above. 

A fourth aspect of the present invention provides an apparatus for processing multi- 
component seismic data lu determine a calibration filter to calibrate a first component of 
the .<;eismie data relative to a second component of (he seismic data, the apparatus 
comprising: means for selecting a first portion of the seismic data containing only 
events arismg from critical refraction ofseismic energy; and means for determining a 
flrst calibration filter from the firNt portion of the seismic data. The apparatus may 
comprise a programmable data processor. 

A (inh aspect of the invention provides an apparatus for processing multi-component 
seismic data to detcmiinc a calibration niter to calibrate a first component of the seismic 
data relative to a second component of the seismic data, the apparatus comprising: 
means for selecting a fast portion of the seismic data in which Ihc first arrival contains 
only upwardly propagating seismic energy above the Acafloor; and means for 
detennining a first calibration filter from ihc first pimion of the seismic data. 

The apparatus may comprise a programmable data processor. 



• • • • 
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An sixlh nspcct of the presenl iT^vciinon provides a sioragc mctlium conlaining a 
prognim for an apparatus iis defined above. 

Preferred cmbodinicm$ of Ihe prcscni invcnuon v\'ill now be described by way of 
illustrative exajiiple with reference lu the accompanying figirrcs in which: 

Figure 1 is a schematic inuslrntton ofa seismic survey; 

Figtirc 2 is a schematic illusliation of the seismic energy uci|tiired ai a receiver in the 
seismic survey of Figure 1 ; 

Figure 3 is a schematic illustration of ihu vuiialion of arrival time of seismic energy ns a 
function of offset between ihc source and the receiver; 

Figure 4 is a schemalic Itlusiraiion of the seismic energy acqtiircd in the seismic survey 
uf Figure 1 at long offsets, illustrating a method of the present invention; 

Figure 5 is a schematic illustration of prc5?siire recorded at a receiver in Uic seismic 
surveying arrangement of Figiire I; 

Figures 6 and 7 illustrate Uie up-going and down-going constituents of pressure above 
the seafloor obtained from the pressure data shown in Figure 5 according to a prior art 
approach; 

Figures 8 and 9 illustrate the up-going and down-going pri:(M?urc consiiiuents above the 
seafloor obtained from the pressure data of Figuie 5 according to a method ofthc 
present invention; 

Figure 10 is a schematic hloek flow diagram ofa tnethod of ihc present invention; and 

Figure 1 1 is a block schematic diagram of an apparatus accorUmg to the prcsem 
invention. 

• • • • 

« • I « k 
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Figure 5 illustrates lypical picssurc data recorded at a 4-r receiver in ;i seismic survey 
such as ihe survey shown in Figure I. The x-axis in Figure 5 indicates the o(Tsct 
between (he source aind the receiver, and the y-axis indicates the time after sictuntion or 
the seismic source. The data arc common receiver data and were acquired using a 
sjngic tcccivcr and a linear array of .sources deployed with a spacing of 50m between 
each pair of adjacent sources. Each trace represents the pressure acquired at the 
receiver when one source is ;iciiiaHHK with the umpHltidc of ihe ncquired pressure being 
in the x -direction. 



It should be noted that different receivers in an array may well have difTcrent coupling, 
different instrument!; re5ponses etc, even if all the receivers are nominally identical in 
one another. The calibration filler required for data acquired at one receiver in a 
receiver urray is therefore likely to be different from the calibration filter required for 
data acquired ;il another tcccivcr in the array. The invention is thcrcfurc prefcrjhly 
applied lo common receiver gathers and a separate calibration filler is determined fot 
each cotnmon receiver gather 

The pressure data shown in Fijgure S eontatris a large number (if seismic events. The 
cverii labelled 13 is the direct wave, and it will be seen thai this is the lirst arrival for 
ofr5;ets having a magnitude of up to approximately 1,000m. Tltc event labelled 14 is a 
critical refructlon event, and il will be seen that this is the first arrival for offsets having 
a magnitude significantly greater than 1,000m. 

Figures (i and 7 illu5ir;ile the up-going constituent alx)vc the se^ngor (Figure 0) and the 
down-going conslimcm above the scafloor (Figure 7) of the pressure shown in Figure 5 
obtained using the fillers given in equation (1) above. That is, the up-going ajid down- 
going constituent shown in Figures 6 and 7 were obtained on ihe assumption that the 
pressure data and ihc vertical particle velocity d.Mta (not illustrated) were correcrly 
calibrated to one another Inspection of Figures 6 ond 7 shows thiil this assumption is 
incorrect. In particular, the critical retraction event 14 contains only up-yuiug energy 
above the scafloor and so should appe;;ir only in the up-going pressure constituent and 
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should not appear in ihe down-going pressure consiiiucnl. It will, however, be seen lhai 
the up-gmiig critical rcrracliDii event has leaked ihmugh into ihc down-going pressure 
coaslilucni sliown in Figure 7, and this inilicaies thai the calihraiion is unsatisfaclory. 

According lo the presenl invciilion, a calibration filter is determined from the crilicai 
rcJVaciion event 14. As noted above, for traces acquired at a source-receiver offset 
having a inaiinitudc well above 1 OOOm, the crilicai refraction event is the first event 
acquired ul the receiver, and is well-scparalcd from the subsequent event. It is therefore 
possible for such iraccs lo define a limc-ol fsci window that includes only the first 
critical refraction event, and so includes only up-goinc energy. 4 . 

One suitable iiine-otlf;ei window oftlala is illustrated in Figure 5» as the region C. It 
will be seen that this region includes traces acquired at an offset of between -3(KK)m to 
approximately -210()m. Tor each trace in this offset range the region C defines a time- 
window that ineludcii only the lirst rcfracLion event (which is the first arrival in each of 
the selected traces), h will bo noted thai the centre point of the time window for a 
particular trace is not constant between traecs but increases with increasing magnitude 
of offset. 

The calibraiiuii filter for the vertical velocity cotnponenl is then calculated on the 
asstimption that the energy in the selected portion C of the data should contain only up- 
going energy. The calibration filler may be determined in any suitable way. In 
particular, the calibration filter a(f) may bo determined by finding the calibration filter 
that minimiiics the cni^rgy of the down-gomg pressure constituent using a least squares 
pioccss. as in the method of Schalkwijk et al. Onec the appropriate calibration filler a(J) 
has been delcmiincd, rcviiicd filters for determining the up-going and down-going 
constituents of the pressure above the seafloor can be deicjmmed using equation (2), or 
in gcnctal the filter a(J) miiy be applied to the entire gather of the vertical component 
data, and the calibrated vertical component data can then be used as an inpui lo any 
protc^;/; requiring a combination of the vertical component wilh any oiliei seismic 
components. 
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Another suitable poi iion of data exists in the corrcspondiny region for positive offsets in 

the range 2 UX) tn lOODm. One possibJc irnplcmcmation of the method would be to use ^ 

both these regions, by defining a second rcjjion, analogous to the region C in Figure 5, 

for offsets in the range f21 00m to +3()00m and determining a ^ccoud calibt^iion filter i 

I hc two filler* determined from the two windows may then be averaged. This will 

however not be piissihle for all dula iJCts siiricc u receiver gather does not necessarily 

havt- ihc same amount of positive smd negative offsets, and hence a region with a clecirly 

separated critical refraetiun event may be present only for cither positive or negative 

oiTsels. 

Figures 8 and 9 illustrrtte the results of dcconiposing the pressure data of Figure 5 into 
\xs up-going and down-going constituents above the scafloor using filters of the type 
given in equation (2) above, and with the calibration filler off) dctenmmed from the 
seismic daia in the region C ofFigurc 5. It will be noted that the critical refraction 
event 14 appears predominantly in the up-going pressure constiiucnl ol' Figure 8, and is 
almost completely absent from the down-going pressure constituent ofFigurc 9. This 
illusiralos that the decomposition of Figures 8 and 9 is significantly more accuiaie than 
the decomposition of Figures t and 7, since the critical refraction event is expected to 
occur only in the up-going piessure constituent. 

!l will also be noted that the primary relleciion event is stronger in the up-going 
piessurc constituent of Figure 8 than in the up-going pressure constituent ofFigurc 6. 
This suggests that the calibration filter found from the critical refraction event at long 
offsets is also applicable at low offsets. 

Figuic 1 0 is a block How diagram illustrating one cmbcKhment of the method of the 
present invention. 

Tnllially, at siep 1 7, seismic data is ncquircd. I his may be, for example, acquiral in a 
survey of the type shown in l"igure I . 



« ■ 
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The invcnuon ...ay allcmat.vely be appliul to prc-cxit;iine seismic datu. Step 1 7 may 
ihcwforc be replaced by il.e altcmativi; step 18 orrcineving prc-cxisiinc seismic data 
from storage- 

At sicp 19 a suitahic offset range is selecicd. In the example described above- with 
reference to Figure 5. step 19 consists of scleclins the ol>s*l range from 3.0()0m i(. - 
2100m. 

At step 20. Uic first arrival of seismic energy for each trace in Ihi; selected offset range is 
determined (this may be thought of a selecting a time window for each trace, and so 
defining an olTsei-timc window). Assuming that the offset range has been selected 
correctly in step l»\ the first arrival in each trace in the selected offset range will be a 
criucal refraction event such a.s the event 14. Since the event is Ihc first event in each 
trace, step 20 may be carried out using an automatic picking method, although it may 
allcniatively be performed manually. 

Al .step 2 1 , a calibration r.Ucr is dclcrmincd that is the best fit to the data in Ihc selected 
otl'set range and lime window. This is done by calculating the down-going pressure 
consntueni above the seafioor from the pressure and vertical particle velocity recorded 
ft, the recover using equation (2), and finding the calibration niler that minimises the 
energy in the down-going constituent of the pressure. 

At step 22 Ihc tiltcr »0 is applied to all the desired traces of the vertical component of 
the seismic data aetjuircd at step 1 7 or retrieved from storage at step 18. 

At step 23 the calibraied vertical component d«ti is then used as input into any process 
requiring a combination of several seismic components. Por example, filters for 
delcniiining the up -going and down-going constituents of the pressure above the 
scanwor may he dctemiined. using cguuiion (2) and the calibration filter determined ui 
step 21. 
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If dusiicd, sicps 22 and 23 mny be omitlccl. In ihis case the calibration filler dcicrmincd 
at step 21 may be oulpui lor display or sioi ed for subsequcni use. 

In ail aUcmaiivc embodiment ofihi^ invention, a wovcnumbcr-depcndent Hllcr is 
dcicmimcd by combitiicig the approach of Schalkwijk cl al with ihc present iiivcniion. 
In this embodin)cm, a cahbralion filler is determined from criticiil refraction events 
occurring al long offsets, described above with reference to steps 1 7 lo 21 of Figure 
10. A second calibmlion filicr is then determined from Irsiccs in v^hich it is possible to 
define a timc-nffsct window that conialns only primary rcflcciion events. A calibration 
filler is determined for Ihcse iraces in the manner described by Schalkwijk ct nl. A 
suitable region of dal» for obtaining this filler is indicated on Figure 5 as region D, 

The calibration filter dctcrmineil from critical refraction events at long offset <iiid the 
calibration filter determined from primary reflection events at low offset arc then 
combined to produce » wavcnumbcr-dcpendeni calibration filicr. Tlic filters may bii 
combined using an inlcrpohilion technique to delcniiine the filler to be applied at a 
given offset. 

In this embodiment, step 22 of Figure 10 is replaced by the step of calibraiinti the 
venical component using the wjivcnumber-dependenl calibration filter. Allcmaiivcly 
steps 22 and 23 may be omitted, and the w^vcnuniber-depcndcnt calibration liUcr can 
be output or stored for future use. 

An ahcmative way lo obtJ^in n wavenumbcr-dependent calibraliun filter is to compute a 
calibration filter for each 5cp«iriiic irucc in the offset range selected al stop 19. In this 
altcmaiive cmbodimcnl ssicps 20 and 2 1 arc performed on each trace (or on a plurality of 
selected traces) in the offset range selected at step 19 so that calibration filters arc 
determined for several diHereni wavcnumbers. Alternatively, the traces in the oflscl 
range selected at step 1 9 can he grouped, and a cwlihraiion filler can be determined for 
each group of traces, for example using a least squares method. Again, this results in 
calibration filters lor several different wavcnumbers. 
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Once ciilibration fiUers have been ohCiincxJ Ifar several difTcrcnt wavenumbcrs. it is 
possible 10 iDlcrpoIjiie between and/or cxlrapolatc Irom these calibration filters to obtain 
a wavcnumbcr-depcndent calihraiion lilicr Tliis method would, hdwcvcr, only work 
well for » limc-oflsct window coniainiiifi only primary rcnccfinns (i.e., Ihc wiiulow D in 
Figure 5), since the vertical slowness is constant for the refracted event. Tlie 
wavenumbcr-dcpcndenl culibiation ftlicr may be used immediately, or may be ovitpui »>r 
stored for future use. 

A further alternative method is to define lime-cilTsct windows around several a-fraction 
events of different vertical slownesses, and determine a plurality of calibration filters 
(one calibration filter can be obtained from data in each window). A wavenumbCf- 
dependent cttlibralioii filler can be obtained hy interpolation between and/or 
exinpolation from tlicse calibration filters. If desired, one or more calibration fillers 
determined from a liine-ofTset window coninining only primary reflections can also be 
used in the interpolation ami/oi otrapolation. The wuvcnumbcr-dcpcndeni calibration 
filler afiam may be used immediately, or may be output oi stored for future use. 

li will be noted in Figure 5 that the primary refieclion event is obscured by other events 
at long offsets, h will therefore be extremely difficult to compute a reliable calibration 
filter at long offsets using the method of Schalkwijk ct al, owing to the difficulty of 
determining a time window thai contains only primary rcficction events. Funheirnore, 
even if a time window thai contained only primary reflection events could be 
dctennined for the long offset traces in Figure 5, this could only be done by a manual 
picking method and could not be autonwteri. 

The invention has been described above with reference to a calibration filler that 
calibrates die vertical particle motion wiih regard to the pressure, on the assumption ihat 
the pressure has been accurately recorded. The invention is not limitcil lo this, however, 
and ill principle could he used In determine a calibraiinn fiher that calibrates the 
pressure with regard to the vertical particle nmtion. on the assumption llial the vertical 
particle motion has been accurately recorded. 
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Figinc 1 1 is a schemalic block diagram of an apparatus 34 according lo ihc prcscm 
invcnlion. The apparatus is able 10 carry out a method according to the present 
invention. 

The apparatus 34 comprises a programmable data processor 27 with a program memory 
28, for instance in the fonn of a read only niftniory ROM, storing a program for 
controlling the data processor 27 to process seismic data by a mclhwl of the invention. 
The apparatus further comprises non-volatile read/write memory 2^ for .storing, for 
example, any data v^^hich must be retained in the absence of power supply. A "w^orking" 
or "scratchpad" memory for ihe data j)rocessor Is provided by a random access memory 
(RAM) 30 An input device 31 is provided, for instance lor receiving user commands 
and data. An output device 32 is provided, for instance for displaying inronnaiion 
relating to the progress and rcsuh of the method, Tlie output device may be, for 
examplci « primer, a visual display unit or an output memory. 

Seismic daia lor processing may be supplied via the input device 31 or may optionally 
be provided by a machinc-rcaduble store 33. 

The program for operating the apparatus and for pcrfomimg a method as described 
hereinbefore is stored in the program memory 28, which may be embodied as a semi- 
conductor memory, for inslance of the well-known ROM lyt)c. However, the program 
may be stored in any other suitable storage medium, such as magnetic data carrier 28a 
(such ais a "floppy disc") or CD-ROM 28b. 
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CLAIMS: 

1. A method of processing mulli-compuiicnf seismic data obtained from seismic 
signals propagiUini5 in u medium, the mRihnd comprising the steps; of: sclccling n llrsl 
portion of the scisnuc datu containing only events urisiny from critical refraction of 
seismic energy; and deicrminnijj a first calibration filter from the first portion of the 
seismic data, the firsi calibration filler twing to calibrate a first component of the 
seismic data relative to a seconti component of the seismic dEta. 

2. A method as claimed in claim 1 wlierein the first portion of the seismic data is 
data acquired with a long source-rccciver offset. 

3. A method as claimed in claim I or 2 wherein the first component is the vertical 
component of particle motion and ihe second component is pressure- 

4. A melhoil as claimed in claim I or 2 wherein the first component is pressure and 
ihc second component is the vertical component of particle motion. 

5. A method as chimed in claim 1, 2. 3 or 4 wherein the step of determinmg the 
first calibration fiUcr comprises minimising the energy immediately above the scafloor 
of the downgoing constituent ot the second Loiiiponent for the selected portion of the 
seismic data. 

6. A method as claini-rd in any preceding claim and comprising the further sicps of 
selecting ii second portion of the seismic data containing only events arising from 
primary rcficction of seismic energy ynti determining a second cjilibration lllicr from the 
second poriion of the seismic data, ihc second calibration fiher being to t-alibrwtc the 
first component of ihc seismic data rclaiivu to the second componcni of the seismic 
data. 
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7. A nifitliod as claimed in claim 0 and comprising Ihc fiirther sicp ofMelcrmining a 
wavcnumbcr-dcpcndcnl cnlibraiion filter from llic fiist cahbraiion filter and the second 
calibration filler. 

8. A method of processing niulli-coniponcnl seismic data obtained fi^m seismic 
signals propagating m a medium, the method comprising the steps of: selecting a first 
portion ofthc seismic data in which the first arrival contains only upwardly propagating 
seismic energy above the sea floor, and determining a first calibration fiher from the first 
portion of the seismii; data> the first calihraiion fiher bemg to calibrate a first component 
ofthc seismic data relative to a second component ofthc seismic data. 

9. A method as claimed in any prcccrfmg claim and comprising the further step of 
calibrating the first component ofthc seismic data using the first calibration filter. 

10. A method as claimcti in claim 7 and comprising the furtlier step of calibrating 
the first component ol'the seismic data using the wavenuniber-depcndcni calibration 
filter. 

11. A method of seismic surveying comprising the steps of: actuating a source of 
seismic energy; acquiring seismic data at a receiver spatially separated from the source; 
and processing the seismic data by a method as defined in any ofelaims I to 10. 

1 2. An apparatus for processing multi-component seismic data to determine a 
calihralion filler for calibrating a first component of the seismic data relative to a second 
component of ihc seismic data, Ihc apparatus comprising: means for selecting a firxl 
portion of the seismic data contaming only events arising Horn critical refraction of 
seismic energy; and means for determining a first calibration filter from the first portion 
ofthe seismic data. 

1 3. An apparatus for proccs.^ing n^ulti-componeiU 55iMsmic data lo dclcm^ine a 
calibration filter for t:silibiaiing a first component ofthc seismic data relative lo a second 
component ofthc seismic data, the appaiatus comprising means for selecting a first 

■ • •«<• 
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portion of the seismic diitQ in which ihe first arrival conlains only upwardly propagating 
seismic energy above Ihc sea floor; hikI n^eans for dclcnninine a first cuhhration filter 
from the first portion oflhi! :<cismic data. 

14. Aji apparatus as claimed in claim 12 or 13 and further umipiising means for 
calibniting the firel coinponenl ofthe seismic data using the first calibration filter. 

1 5. An apparatus as claimed in any of claims 12 to 1 4 and comprising a 
programmable data processor. 

1 6. A storage medium containing a program for an apparatus as defined in claim 1 5. 
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withdraw the application to prevent publication, you must do so before the preparations for 
publication are completed. No reminder will be issued* If you write to the Office less 
than 3 weeks before Uie above completion date, please mark your letter prominently: 
"URGENT - PUBLICATION IMMINENT*'. 

Yours faithfully 




Steven Gross 
Examiner 



NCIU-09-S007 09:43 From: WESTERNGECO 




2816891977 

1^ Office I 



To: 915712730125 



P. 12^50 



Application No: 
Claims searched: 



GB 0200560.1 
1-20 
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Steven Gross 
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EP 0515188 A2 


(HALLIBURTON) See especially page 3 lines 6 to 
55 


l.S. 10, 

14. 15. 16 
at least 


X 


WO 97/29390 Al 


(PGS) See whole document 
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at least 


X 


US 5793702 A 
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to 55 
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Patent 





WestemGeco Limited - 

c/o Marks & CJerk 

4220 Nash Court 

Oxford Business Park South 

OXFORD 

OX4 2RU 



t 8 JUW 2003 




Concept Huusc 

OrdifTRoad 

Newport 

<?oiith Wjtlcs NP10 8QQ 
United Kingdom 



The Patent Office 
Hateats Dlrectomtc 



DlrecL Mac: 08459 500505 
Switchboord: 01633 814000 
Fax: 01fi33 814827 

Minicom: 08459 222250 
DX 722540/41 Clepp«Park3 
http://www.puluntt{ov.uk 



Your RcfciCKCc: AMS.P51884GB 
Our Reference: 



17 June 2003 



Dear Sir/Madam 



PATENTS ACT 1977: PATENTS RULES 1995 

NOTICE OF PUBLICATION: APPLICATION NUMBER GB0200560.1 

1 . Preparations for publication of your patent applicalion are tjow complete. It will be published 
on 16 July 2003 with Iho pubtication number GB2384068. 

2. On the publication date, details of your applicalion will be entered in the Register of Patents. 
From then onwards those details, and the application file, will be open io public inspection at the 
Patent 0£Bce, Concept House, Cardiff Road, Newport, SouUi Wales, NPlO 8QQ and at the 
Patent Office, Haxmsworth House, 13-15 BouvCTie Street, London, EC4Y 8DP. 

3. IMPORTANT: If you want your application considered for grant of a patent, you must, if you 
have not already done so, ensure that a request for substantive examination on Patents Form 
10/77, togcdier with the required fee (currently £70.00), is received by the Patent Office within 
6 months of the publication date, tliat is by 16 January 2004, That period can be extended by 
one month by sending us Patents Form 52/77, together with the required additional fee (currently 



4. IMPORTANT: If the request and fee for substantive examination arc not received by the 
Patent Office in time, your application will be treated as withdrawn. 

5. The information in paragraph 3 does not apply to substantive examination of either a 
"divisional" application made under Section 15(4) of the Act. or a patent application made 
following entitlement proceedings. If you would like further in formation, or if you would like 
us to send you a blank Patents Form 10/77 (or Patents Fonn 52/77), please telephone our enquiry 
number, 08459 500505. 



£135.00). 



[PLEASE TURN OVER] 
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6. You will be sent one free copy of the published application. Further copies may be bought 
from the Patent Office (Sales), Concept House, Cardiff Road, Newport, South Wales, NP 1 0 8QQ 
and also, fur a limited period from the Patent Office, Hamisworth Itouse, 13-15 Bouveric Street, 
London EC4Y 8DP, Tf you want to know Ihe prices of publications, you should telephone sales 
on 01633 814842. If you order extra copies of your published application, please quote the 
publication number shown in paragraph 1 above, followed by the suffix ''A". 



Yours faithfully 




Kurt Stephens 
Publishing Section 



A nf tr% 
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WesteniGe(;o Limiled 

c/o Maiks & Clerk 

4220 Nash Court 

Oxford Business Paik Sontli 

OXIrORD 

0X4 2RU 



Your Reference: AMS PS 1884GB 
Applicjitlon No: CiB020056ai 



The Patent Office 
Patents Directorate 

Concept House 
Cardiff Road, Newport 
South Wales, NPIORQQ 

Kx2fniner: Olr>B SlT/iO 
<E-MuiI: jake.collijis@pateat.gov.uk 
Switchboard: 01633 8 UOOQ 
Fax: 01633 

MInicom: 084^9 222250 
nX: 72P..S40/4i Clqipu Puik % 
liUp://wH^w.|>atcut.gov.uk 



20 January 2005 
Dear Sirs 

PafeolAi Act 1977: £xainination Report under Section 18(3) 
Latest date tor reply: 20 May 2005 



RECEIVED 
2 5 JAN Z0Q5 

MAhKbANU ClERK 



I enclose two copies of my examination report. 

By the above date you should either flic amcadnictits to meet the objections in the enclosed 
report or make observations on ihcm. If you do not, the applienlion may be refused. 




fully 



Jake Collins 
Examiner 



iLrsi^ Af K-mail: Pkdse nolr I hale-mail should be used forccnrisspondcticc only. 
An Rxecnifive Agency Uie De.|XiJtmcni nf Trade and Industry 
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Your ref ; 
Application No: 
Applicant i 



AM.S.P.SIS84GB 
UB0200500.1 
WexluniCffCuo I.irnile<i 



Kxvminer ; 

Tel : 

Dali: €>f rvpnrL ! 



Jiikt: Colli MM 
01 63 J 8I.V/10 
20 January 2005 



Latest lUlc fvr rvplys 



20 Mny 2005 



Page 1/1 



Patents Act 1977 

Examination Report under Section 18(3) 
Plurality of inveation 

1 . Your claims define two separate inventions not foiming u s^inglv invcnlivv concept. 
The inventions are: 

a) Methods and apparatus for proccsislng rnulti-coinponcnt seismic data as in claims 1 -7 
and 10-15. 

b) Mclitods and apparatus for procc^j^ing muUi-cuniponetit seismic data as in claims \i, 9 



You will need to amend your claims, so thai, ihcy relate to only one invention or inventive 
concept. You will also need to make conscqucnlial amendments to the description. You may 
wish to consider filing a divisional application. Any such applicaliun sJiuukI numially be filed 
no later than 3 montlis before the expiry of the period for putting the present appliealion in 
order. 



Conflict witb n corresponding European patent application 

2. This appjication appears to be similar to your Eiu-opcan palenl iipplication published 
under number EP 1470436, having the same priority date and deyignating GB. If patents 
granted on these two applications relate to the same invention, the Coraplrollcr will in due 
course revoke the patent graaicd on the present application unless eitlier you an^end the 
preseni specification to remove the conflier or, before the date of grant of tlie present 
application under Section 25(1), you bcyin proceedings to surrender the European patent 
(UK). Of course if the G8 designation is withdrawn before the grant of the European patent, 
no Hction will be required under Section 73(2). 



and 16-20. 



An HifAciirive A|;cncy of Ihc Dcpitrdnciil oPTiadeand InduMry 
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O 

INV1i{ET<1K IN fVAWtJA 



The Patent OW^t 

Concept House 
CordirrHoad 
Newport 

SouihWutesNFlOSQO 
liUp://www.p«iteiit.gov.uk 

Swildiboiird: 
01633 814000 

I \ Z MAR 2005 

I-..- - 
Dticir Sir/Madam 

PATENTS ACT 1977: PATRNT.S RTJLES 

NOTIFICATION OF GRANT; PATENT SERIAL NUMDER; GD2304060 

i. I am pleaced to teii you that your patent application number c;jB0200560 • 1 
complies with tbe requirementR ot the Act and Rules, and that you are 
t>nf."ri»ifor« <jr«nhH(.l h paterit {for t.>i« purpoKMK nf Sectionis 1-23 ot the Act) ac 
from the date o£ thiiJ letter. 

7. Hrvinh c.it* hhe pHtent i k «xpAc:Lf»<l t.n be Hnnni3nced in the Patents and Designs 
Journal on 13 April 2005. la accordance with section 25(1), the. patftnt will 
be treated for all later (sectiono of the Act ac having been qranted and ri» 
taking effect on that date. The patent epecit icat ion will be published on 
the same date, and you will receive the Certificate ot Grant tor your patftnr. 
and a copy o£ the ^^pocification shortly afterwards. 

3. IMPORTANT - It is essential that you take note ot the tollowing information 
about annual renewal payments x 

(i) To keep your patent in torcft, yon muRr. pay the Patent Office 
an annual renewal fee accompanied by PaLentH Korm 12/77 
(which can be obtained from this Office) . 

(ii) For incj^st. £}Al.«!nLm, t>i« firKt r«fi«w?il fee is due on the fourth 
aimivexsary of the date of filing of the patent application, 
and each subsequent renewal fee on each subsequent annlvHiHuxy 
ot the tiling date. It you wiah, ynii ran pay renewal Cee 

in Che i-month period before each anaivux^axy . 



P1.P.ASR TURN OVER 
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c/o Marks u clerk 

4220 Nash Court 
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OXFORD 
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Direct line 

our ref 
Your ret 
Dat.e 



06459 500 505 

AMS,P51fla4GB 
lb March 2U0b 



I'BOS 



1 



BPUB 
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(iii) In some caaea, tliongh, there are special dxianqements for the 
paymeat of the tir.st renewal fee on ri pr*hHnt, It those special 
arrangements apply lo your patent, you will he giv«n further 
information when you receiv« the Certificate of Grant referred 
to in paragraph 2 above, 

(.iv) If any renewal fee is not paid by the due date, <a further six 

months is allowed in whJ oh l.o £)3y the tee. No additional fee 
ia p;*y^b1e it payment is received by the Otflce during the 
first moMLh after thft due date^ but paymc^iii. r^r.Hived during th© 
second to sixth mont.hH rifier the due date is subject to an 
additional tOQ, curienLly £24 p«r mnnth or part of a month 
overdue « 

4. If you would like furthex inlorniation about patent renewal fccs# ox' if you 
would like ua to send you a blank Patontn Fo/m pleas© telephone 

our Renewals Section on 01 63 3-0 l4Cbt». 

T). Copies ot the specification of th^ grAnh f>ni patent will be placed on sale 
at the Sales DrAnclj, Th« Patent Office, Cardilf Road, Newport, iiourn wales 
NPK) 8QQ as from the date in paraqraph 2 above and for a limited period aL 
r.h<4 London Front Office. Harmcworth Hour.i-i, 13-15 Houverie Street, London, 
EC4Y 8DP. The t:f>pi«« .supplied will hovc the suffix ••B" after r.he serial 
number to disLinyuiah the specification of the qrantod patc-ni. from that o£ 
l.liH published application. 

Yours faithfully 

£o — . 

HON MARCHANT 

COMPTROLLER GF.NERAL OF PATENTS, 
DESIGNS AND TRADB MAf^K^ 
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WestemGeco 



10001 Rfchmond Avenue 
Housion, Texas 
Tel: 713-609-5799 
Fax:7l3^)a9-1©77 




The Office of the Commissioner for Patents From: Uangang (Mark) Ye 



Attention: Magdalen Greenlief 



Fax: 


571-273-0125 


Fax! 


713-689-1977 


Phorw: 




Date: 


11/»2007 


Re; 


Request for Participation In The Patent 
Prosecution Highway (PPH) Pilot Program 
Between the UKIPO and the USPTO 


Pages: 


Fax 1 of 3 - 50 pages 



Fax2of3-16pages «- * 



Fax3of3-27 pages 



SI Urgent B For Review □ Please Comment □ Please Reply □ Please Recycle 



e Comments: 






In re Application of: Dirk-Jan van Manen etsJ. 


§ 


Group Art Unit: 2857 


Application No.: 10/501.271 


§ 
§ 
§ 
§ 


Confirmaiion Number: 5653 


Filing Date: May 1,2006 


Examiner. Unknown 


Title of invention: Method of and Apparatus for 
Processing Seismic Data 


§ 
§ 
§ 
§ 


Attorney Docket NO.: 14.0202-PCT-US 



Attached for your consideration is Form PTO/SB/20 - Request for Participation in The Patent 
Prosecution Highway (PPH) Pilot Program and Petitions to MaKe the Above-identified Application 
Special Under the PPH Pilot Program with attachments. 

Respectfully submitted, 

Liangang (Mark) Ye 
Registration Number 46^76 
WestemGeco L.L.C. 
10001 Richmond Avenue 
Houston, Texas 77042 
Telephone: 713-689-5799 
Facsimile: 713-689-1977 
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PTO/SB/20(0fl^) 
Approved for use through 12/31/2008. 0MB 0651-0058 
• ft.no«^H. * * 4o«; • 4'^' "'^^ Twdemailc Office; U.5 DEPARTMENT OF commerce 

vmi ttif Ripenwm R^didun Act of 1995. rio pei sons are rAquir^ to respond to a collection of infornwlion i;n{ess it drjpbivs a witid 0MB control number 



Request For Participation In The Patent Prosecution Highway (PPH) Pilot Program 
BetweenThe(1)JPOOr(2)UKIPO,ANDTHEUSPTO m/ T^i.^ M . 



Application Nq.. 



Filing Date. 



Tiileoftlw 
Invention 



10/501,271 



May 1,2006 



First Named inventor. 



Attorney Docket No. 



Dirk-J an van Man en 



14.0202-PCT-US 



METHOD Of AND APPARATUS FOR PROCESSING SMISMIC DATA 



This rsquest for Participation m the PPM pilot prooram must Be r-Axeo to: 

The Ofbceof the Comwissionbrfor Patents at 571^73^)125 wrecteo to the attention of Maooacen Greenlief 



^^^^'^^"^^ HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH> PILOT 
d222™ PETITIONS TO MAKE THE ABOVE-IDENTIFIED APPUCATION SPECIAL UNDER THE PPH PILOT 



]5^^;;e4den^^ 

0200560 1 

The □ JPG E] UKIPO application numbcr(s) is/aro:. 

\. „ „ 11Jan.20O2 
The filing date of the □ JPO B UKIPO application(«) l8/are: 



I. L'lBtof Required Documents: 

a. A copy of all JPO office actions fexcludina ^'Decision to Grant a Patent"*) in the above-Identified JPO 
application(s), or a copy of all UKIPO ofTice actions In the above-Identified UKlPO appllcation(«). 

g] Is attached. 

□ Is available via Dossier Access System Applicant hereby requests that the USPTO obtain these 
documents via the Dossier Access System. 

•II not necessary to wbmft a copy of tha -Decision to Grant a Patenf and an fingiieh translation thereof. 

b. A copy of all claims which were determined to be patentable by the JPO in the above-identified JPO 
appUcation(s), a copy of all claime which were determined to be patentable by the UKIPO in the 
above-Identified UKIPO appllcatlon(s). 

52 Is attached. 

□ Is available via Dossier Access System. Applicant hereby requests that the USPTO obtain these 
documents via the Dossier Access System. 

c. English tranalatione (where applicable) of the documents in a. and b. above along with a statement that 
the English translations are accurate arc attached. 

information disclosure statement listing the documents cited in the JPO office actions or UKIPO office 
actions 19 attached. ~ 

Copies of all documents are attached except for U.S. patents or U.S. patent application publications. 



(Page 1 of 2| 

Tklln^T ?v"'i^a'J!lSiT'tS2h\''f2t^'^r.^^^^^^^ m^^?X^^ ^'^f ' ^l^^^ ^ '°^<'*^ If^fmstiat, » required to obtain or retain 
rPR 11 1 InH 1 "^i i . "/l"" ^^^^ P»e««6) an appticoUon. Conlidentiaiily Is govcmed by 36 u s c 122 and 37 

.r.i. J . 1-14 TTiia collection l6 eslimatod Iw take 2 hours to complete, including gathering, preparlna. and Submlttino the camoletfrd 

S M T r^^^^i^'?^^^"' "''""'^ """^^^ ^ Chief Infemiatien Offlear. U S Patent ar^ Trademark 

?Hlf ADDRpI^ Tax enMSi"SS?; ^^oSS* J^^a'^'^'"^*'- 22313.1450 00 NOT SEND FEES OR COMPLETEOFORMS TO 
SeenKS completed forms TO: Office of the Commissioner for Patents .t •n.27S^«6. Attention: M.gd;ilen 
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PTO/SB/20 (09-07) 
Approved for use through 1 2/31/2008. OMB 06S1-OOS8 
U.S. Patent and Tra<l«mail< Office; U.S DEPARTMENT OF COk/IMEKCE 
Under the Papciwoik Rc<hiclion Ad of 1996. no persons an raqiiirAd to mftoni to a oolleclion of hlbrmaiioii unlew il displays a valid OMB eenirol number 



REQUEST For Participation In The PATeiMT Prosecution Highvway (PPH) Pilot Program 
Between The (1) JPO Or (2) UKIPO, And The USPTO 

(Odnbnued) 



r 



10/501,271 



ApplicBtion No.: 



First Named Inventgr, 



Dirk-Jan van Manen 



II. Claims Correspondence Table: 



Claim? in US Application 



1-7 

10-15 

17 

19-20 



Pdtdntable Cletms 
in JP/UKIPO 
Application. 



1-7 

8-13 

14 

15-16 



Explanation regarding the corriDspondence 



The corresponding claims are substantively identical except the 
multiple-dependent claim fbrmat in the GB patent 



III. All the claims in the US application sufflclently correspond to the patentable/allowable claims in the 
JPO or UKIPO application. 



iV. Payment of Fees: 

The Commissioner is hereby authorized to charge the petition fee under 37 CFR 1.17(h) as required by 37 CFR 
1.102(d) to |x] Depoait Account No. 50-1720 . w 

n Credit Card. Credit Card Payment Form (PTO-2038) ie attached. 



^. ^ /liangang mark ye/ 
Signature ^ ^ j 


11/09/2007 


Name Liangang (Mark) Ye 

(Print/Typod) 


48,276 
Regi8tratk>n Number 
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IN THE UNITED STATES PATENT AND TRADEMAKK OFFICE 

In rc Application of: Dirk-Jan van Mancn et <il § Group Art Unit: 2857 

§ 

Seriiil Number: 10/501,271 § Examiner: Unknown 

§ 

Conlimiation Number: 5653 § Ally DktNo.: 14.0202-PCT-US 

Filing Date: May 1 , 2006 § 

"§ 

Entitled: METHOD OF AND APPARATUS FOR § 
PROCFSSINO SEISMIC DATA § 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 223 1 3-1450 

Second Preliminary Amendment and 
Request to Participate in ihe Patent Prosecution Highway (PPH) Pilot Program 
between the UKIPO and the tJSPTO 

Dear Sir: 

Please amend the application, as indicated, before examination. 

No fee is believed to be due in connection with tiae filing of (his preliminary amendment. 
However, if there are any fees due, the Commissioner is hereby authorized to charge to the Depo.<;it 
Acc«)unt 50-1720/14.0202-PCr-US. 

Amendment begins on page 2. 

Remarks begin <m page 4. 
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S/N: 10/501,271 Attorney Deckel No.: 14.0202-PCT-US 

Second Preliminary AinendrnunL md PPII 

Claim listing: 



1 . (original) A method of processing multi-component seismic daia obtained from seismic 
signals propagating in a medium, Ihe metliod comprising ihe steps of: selecting a first portion of 
the seismic dab containing only events arising from critical refraction of seismic energy; and 
determining a first calibration filter from the first poriion of the seismic data, the tlrst calibration 
filter being to calibrate a first component of the seismic data relative to a second componeni of 
the seismic data, 

2. (original) A method as claimed in claim 1 v^herein the first portion of the seismic dam is data 
acquired with a long source-receiver oiTsel. 

3. (previously amended) A method as claimed in claim 1 wherein the first component is the 
vertical component of particle motion and the second component is pressure, 

4. (previously amended) A method as claimed in claim 1 w^herein the first component is pressure 
and the second component is the vertical component of particle motion, 

5. (previously amended) A method as claimed in claim 1 wherein the step of determining tlic 
first calibration filter comprises minimising the energy umncdiately above the seafloor of the 
downgoing constituent of the second component for the selected portion of the seismic data. 

6. (previously amended) A method as claimed in claim 1 and comprising the further steps of 
selecting a second portion of the seismic data contaiiiing only events arising from primary 
reflection oFseismic energy and determining a second calibration filter from the second portion 
of the seismic data, the second calibration filter being to calibrates the first component ol'the 
seismic data relative to the second component of the seismic data. 

7. (original) A method as claimed in claim 6 and comprising the further step of detennining a 
wavcnumbcr-dcpendcni calibration filter from the first calibration filter and tlie second 
calibration filter. 

8-9 (currently cancelled) 

10. (original) A method of processing multi-component seismic data obtained from seismic 
sigiaals propagating in a medium, the method comprising the steps of: selecting a first portion of 
the seismic data in which the first arrival contains only upwardly propagating seismic energy 
above the seafioor; and determining a first calibration filter from the first portion ol'lhe seismic 
date, the first calibration filter being to calibrate a first componeni of the seismic data relative to 
a second component of the seismic data. 

1 1 , (previously amended) A method as claimed in claim 1 and comprising the fijrthcr step of 
calibrating the first component of the seismic data using the first calibmtion filter. 



2 
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Second Preliminaiy Amendmcnr and PPM 

12. (previously amended) A method as claimed in claLn 7 and comprising the further siep of 
calibraiing the first component of the seismic data using the wavenumber-dependent oaiibraiion 
filter. 

13. (previously amended) A method of seiismic surveying comprising the steps of: actuating a 
source of seismic energy; acquiring seismic data at a receiver .spatially separated from the source; 
and processing the seismic data by a method as defmed in any of claims 1 . 

14. (original) An apparatus for processing multi-component seismic data to determme a 
calibration filter for calibrating a first component of the seismic data relative to a second 
component of the seismic data, the apparatu-s comprising: means for .selecting a first portion of 
the seLsmic data containing only events ari.sing Dom critical refraction of seismic energy; and 
means for determining a first calibration filter from tlie first portion of the seismic data. 

15. (original) An apparatus for processing multi-component seismic data to determine a 
calibration filler For calibrating a first component of the seismic data relative to a second 
component of the seismic data, the apparatus compri.slng: means for selecting a first portion of 
the seismic data in which the furst arrival contains only upwardly propagating seismic energy 
above the seafloor; and means for determining a first calibration filter from the first portion of 
the seismic data. 

16. (currently cancelled) 

1 7. (previously amended) An apparatus a.s claimed in claim 14 and lurlher comprising means for 
calibrating tlie first component of the seismic data using the first calibration filter. 

18. (currently cancelled) 

1 9. (previously amended) An apparatus as claimed in any of claims H and comprising a 
programmable data processor. 

20. (original) A storage medium containing a program for an apparatus as defined in claim 19. 
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Secoild'?^^^ Anicndm.nt and PP[I ^^'^"^'^ M.0202.PCT-US 

Remarks 

Claims and amendme nt 

Claims 1 -20 were pending. 

Claims 8-9, 16, 18 are currently cancelled. 

After this amendment. Claims 1-7, 10-15, 17, 19-20 arc pending, of which 4 claims (1, 10,14 
and 15) are independent claim.s and a total of 1 6 claims are present. 

Patent l>roseciitiftn H' Khwav rPPH^ 

It is noted that the pending claims 1-7, 10-15. 17, 19-20 arc substantively identical to the claims 
1-7, 8-13. 14 and 15-16 respectively in its GB counterpart (except the mulliple-dcpcndeni-claim 
format in the OB claims), which is now a UK patent, GB 2 384 068B, issued on 13 April 2005. 
<h>m an application number 0200560.1, filed on 1 1 January, 2002. A request for participation in 
the Patent Prosecution Highway (PPIT) Pilot Program between the UKIPO and the USFIO in 
suhmitted togctlier with this preliminary amendment 

Applicant believes that the current application is in condition For allowance, and 
respectfully request that il be allowed. 

Respectfully submitted, 



/liangangmarkyc/ 

Liangang (Mark) Yc 
Registration Number 48,276 
WcstemGeco, L.L.C. 
10001 Richmond Avenue 
Houston, Texas 77042 
Telephone: (713) 689-5799 
Facsimile: (713) 689-1977 
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